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Abstract of JP1 0004037 
PROBLEM TO BE SOLVED: To lessen an 
electric double layer capacitor in internal 
resistance without decreasing it in electrostatic 
capacity by a method wherein the electrode of 
the electric double layer capacitor is formed of 
active carbon, binding agent, and a specific 
amount of a conductive agent mixture of 
carbon block and graphite mixed at a specific 
ratio. 

SOLUTION: Electrodes of an electrical double 
layer capacitor are formed of a mixture of 
active carbon particles 20, graphite particles 
22, and carbon black particles 24. Graphite 
particles and carbon black particles are mixed 
together at such a ratio that 30 to 80wt% of 
carbon black particles are mixed to graphite 
particles, and 5 to 30wt.% of the mixture of 
carbon black and graphite is contained in the 
electrode. Moreover, polytetrafluoroethylene is 
used as binding agent used for binding active 
carbon particles, carbon black particles, and 
graphite particles all together. Carbon black 
particles 24 tens to hundreds of nm in grain 
diameter are capable of penetrating between 
active carbon particles 20 and graphite 
particles 22 so as to improve the electrode in 
conductivity. 
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(1) 

JP-A No. 10-4037 

(54) [TITLE OF THE INVENTION] ELECTRIC DOUBLE-LAYER 
CAPACITOR ELECTRODE 
(57) [ABSTRACT] 

[OBJECT] To provide an electric double-layer capacitor electrode which 
ensures reduction in internal resistance thereof without reducing 
electrostatic capacitance and ensures improvement in energy density. 
[SOLVING MEANS] A mixture of graphite particles 22 and carbon black 
particles 24 was mixed together with activated carbon particles 20 when an 
electric double-layer capacitor electrode is formed. In this case, when the 
mixing ratio of the graphite particles 22 to the carbon black particles 24 is 
made to be a predetermined ratio, the resistance of the electrode can be 
greatly reduced. This renders it possible to reduce the resistance of the 
electrode and to maintain high electrostatic capacitance of the electric 
double-layer capacitor even if the amount of a conductivity-improving 
material is not increased. The energy density can be thereby improved. 
[SCOPE OF CLAIM FOR PATENT] 
[Claim 1] 

An electric double-layer capacitor electrode comprising activated carbon, a 
conductivity-improving material and a binder, wherein 

said conductivity-improving material is a mixture of carbon black and 
graphite contained in an amount of 5 to 30% by weight, and the ratio of the 
carbon black to the graphite in said mixture is 30 to 80% by weight. 
[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 
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[TECHNICAL FIELD PERTINENT TO THE INVENTION] 

The present invention relates to an improvement in an electrode used in an 

electric double-layer capacitor for storing energy. 

[0002] 

[CONVENTIONAL ART] 

Electric double-layer capacitors make use of an electric double-layer formed 
at the boundary between an electrode and an electrolytic solution and are 
used for backup power sources because these capacitors have a relatively 
large electrostatic capacitance. 
[0003] 

Fig. 5 shows a sectional view of the structure of a conventional electric 
double-layer capacitor. In Fig. 5, a pair of current collectors 10 and 12 are 
disposed and these collectors 10 and 12 are provided with positive and 
negative electrodes 14 and 16 respectively. 
[0004] 

These electrodes 14 and 16 respectively have a structure in which activated 
carbon compounded with a conductivity-improving material that improves 
the conductivity of the electrode is supported by an aluminum foil used as 
the current collectors 10 and 12 by using, for example, 
polytetrafluoroethylene (PTFE) as a binder. A separator 18 is interposed 
between the positive and negative electrodes 14 and 16, and the electrodes 
14 and 16 and the separator 18 are impregnated with an electrolytic 
solution. 
[0005] 

An example of the electrode of an electric double-layer capacitor in which 
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graphite or carbon black is used as a conductivity-improving material is 
disclosed in the publication of JP-A 62 229819. In this conventional 
example, graphite or carbon black is used to thereby decrease the resistance 
of the electrodes 14 and 16, thereby attaining a reduction in the internal 
resistance of the electric double-layer capacitor. 
[0006] 

The electrostatic capacitance of such an electric double-layer capacitor is 
increased by increasing the amount of activated carbon. In addition, if the 
resistance of the electrode is reduced to decrease internal resistance, the 
adhesion of ions to activated carbon is improved and this also increases the 
electrostatic capacitance. In the case of electric double-layer capacitors, 
higher electrostatic capacitance and lower internal resistance ensure more 
improved energy density. If energy density can be improved, a small-sized 
and light weight electric double-layer capacitor can be attained and such a 
capacitor is particularly useful for car use. 
[0007] 

A conductivity-improving material to be used for the electric double-layer 
capacitor electrode is preferably those capable of reducing the resistance of 
the electrode without an increase in the amount thereof. This is because if 
the amount of the conductivity-improving material to be used is reduced, the 
amount of the activated carbon can be increased that much. 
[0008] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

However, carbon black or graphite is used usually singly in the 
aforementioned electrodes 14 and 16. In the case of carbon black, the 
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resistance of the carbon black itself is 10 1 Qcm and therefore, the 
conductivity is not so high. In order to reduce the internal resistance of the 
electric double -layer capacitor, it is necessary to increase the amount of the 
carbon black, giving rise to the problem that the amount of the activated 
carbon is relatively decreased, leading to reduced electrostatic capacitance. 
[0009] 

Also, in the case of graphite, a graphite layer forming the graphite is 
oriented regularly and the resistance of the graphite is as low as 10' 2 to 10" 3 
Qcm, so that it has high conductivity. However, the graphite cannot 
penetrate into minute parts between activated carbon particles because it 
has a particle diameter of several jim, posing the problem that the 
resistance of the electrodes 14 and 16 can be insufficiently decreased. This 
situation is shown in Fig. 6. 
[0010] 

In Fig. 6, when the activated carbon particles 20 are mixed with graphite 
particles 22, the graphite particles 22 cannot penetrate into spaces between 
the activated carbon particles 20 as mentioned above since the particle 
diameter of the activated carbon is several jam to tens iim whereas the 
particle diameter of the graphite particles 22 is several jim. Therefore, the 
contact area between the activated carbon particles 20 and graphite 
particles 22 can be insufficiently secured. For this, the resistance of the 
electrodes 14 and 16 is rather higher in the case of blending graphite singly 
in activated carbon than in the case of blending carbon black singly in 
activated carbon, with the result that the internal resistance of the electric 
double-layer capacitor cannot be reduced. 
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[0011] 

To deal with this problem, there is the idea that the particle diameter of the 
graphite particles 22 is reduced to form microp articles having such a small 
size as to penetrate into the clearances between the activated carbon 
particles 20. However, if the graphite particles 22 are micronized by 
crushing or the like, layer slippage between graphite layers forming 
graphite arises, which causes the distortion of the graphite structure and 
the resistance is therefore increased. This is the reason why it is not 
proper to micronize the graphite particles 22. 
[0012] 

The present invention has been made in view of the above prior art 
problems and it is an object of the present invention to provide an electric 
double-layer capacitor electrode which ensures that the internal resistance 
of an electric double-layer capacitor can be reduced without any reduction in 
electrostatic capacitance and energy density can be improved. 
[0013] 

[MEANS FOR SOLVING THE PROBLEM] 

The above object can be attained by an electric double -layer capacitor 
electrode according to the present invention, the electrode comprising 
activated carbon, a conductivity-improving material and a binder, wherein 
the conductivity-improving material is a mixture of carbon black and 
graphite contained in an amount of 5 to 30% by weight, and the ratio of the 
carbon black to the graphite in the mixture is 30 to 80% by weight. 
[0014] 

[EMBODIMENT OF THE INVENTION] 
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A preferred embodiments of the present invention will be described with 

reference to the drawings. 

[0015] 

Fig. 1 shows a partial sectional view of an electric double-layer capacitor 
electrode according to the present invention. The electrode shown in Fig. 1 
is constituted by mixing the activated carbon particles 20, graphite particles 
22 and carbon black particles 24. As mentioned above, the particle 
diameter of the activated carbon particles 20 is several jxm to tens jam 
whereas the particle diameter of the graphite particles 22 is about several 
jim and the graphite particles 22 cannot penetrate into minute parts 
between activated carbon particles 20. However, the carbon black particles 
24 having a particle diameter as fine as tens nm to hundreds nm can 
penetrate into spaces between the activated carbon particles 20 and 
graphite particles 22 as shown in Fig. 1, and the conductivity of the electric 
double -layer capacitor electrode can be improved. 
[0016] 

Specifically, the resistance of the carbon black particles 24 themselves is 
higher than that of the graphite particles 22. However, the carbon black 
particles 24 penetrate into the clearances produced between the graphite 
particles 22 having a large particle diameter and the activated carbon 
particles 20, whereby these clearances can be filled. This enables the 
carbon black particles 24 to aid charges in moving in the above clearances 
where these charges could not move if these clearances were not filled with 
these carbon black particles. As a result, the resistance of the electric 
double-layer capacitor electrode can be more decreased than in the case of 
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blending the graphite particles 22 singly in the activated carbon particles 
20. 

[0017] 

The present invention is featured by the point that the mixing ratio of the 
graphite particles 22 to the carbon black 24 is optimized to drop the 
resistance of the electrode without increasing the amount of these graphite 
and carbon black. This precludes the necessity for reducing the amount of 
activated carbon and makes it possible to maintain high electrostatic 
capacitance of the electric double-layer capacitor. The internal resistance 
can also be dropped, improving the energy density of the electric 
double-layer capacitor. 
[0018] 

The inventors of the present invention have made earnest studies and found 
that as to the mixing ratio of graphite to carbon black, the proportion of 
carbon black is preferably controlled to 30 to 80% by weight. In this case, if 
a mixture of carbon black and graphite is contained in an amount of 5 to 
30% by weight in the electrode, the resistance of the electrode can be 
dropped sufficiently. A polytetrafluoroethylene or the like is used as a 
binder that binds the activated carbon with the carbon black and graphite. 
The amount of the binder is 5 to 30% by weight in the electrode. 
[0019] 

Examples of electrodes produced based on the above embodiment will be 

described as an example. 

[0020] 

EXAMPLE 
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60% by weight of activated carbon having a specific surface area of 2400 
m 2 /g and average particle diameter of 15 ^im, 20% by weight of a mixture of 
carbon black having an average particle diameter of 30 nm and graphite 
having an average particle diameter of 5 jam and 20% by weight of PTFE 
were mixed and kneaded in a wet system. The resulting solution was 
applied to an aluminum foil to form a film in a thickness of 100 ^im. At this 
time, the electrode is a 50 mm square. The electrode manufactured in this 
manner was fully impregnated with an electrolytic solution prepared by 
dissolving 0.6 mol/1 of tetraethylammonium tetrafluoroborate (Et4NBF4) in 
propylene carbonate (PC). Then, two electrodes obtained in this manner 
were laminated through a separator. 
[0021] 

A voltage of 2.5 V was applied to both terminals of the electric double layer 
capacitor constituted in this manner to charge the capacitor for 60 seconds. 
Then, the capacitor is allowed to discharge under a constant current of 10 
mA until the voltage at both terminals was decreased to 1 V from 2 V, to 
find charge quantity Q from the discharge time, thereby calculating the 
electrostatic capacitance C from the equation- C = Q/l. 
[0022] 

In this case, only a voltage lower by IR than the applied voltage was applied 
to an activated carbon part apart from the current collector. It is therefore 
considered that with increased resistance, the aforementioned adhesion of 
ions to the activated carbon is reduced, the electrostatic capacitance is 
decreased and the energy density is likewise decreased. 
[0023] 
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Also, the internal resistance of the electric double-layer capacitor was found 
from a change in voltage, that is, IR drop just after the capacitor was 
charged up to 2 V under a constant current. This internal resistance 
reflects the level of the resistance of the electrode. 
[0024] 

Fig. 2 shows the condition of a change in the capacity of the electric 
double-layer capacitor produced in this embodiment when the mixing ratio 
of graphite to carbon black in the electrode of the capacitor is varied. Fig. 3 
shows the condition of a change in the resistance of this electric double-layer 
capacitor when the mixing ratio of graphite to carbon black in the electrode 
of the capacitor is varied. In both drawings, the abscissa is the ratio of 
carbon black in a mixture of graphite and carbon black. 
[0025] 

As is understood from Figs. 2 and 3, the electric double-layer capacitor using 
the electrode according to this embodiment is characterized by a high 
electrostatic capacitance and a low internal resistance in a wide range from 
30 to 80% by weight of carbon black in the mixing ratio of graphite to carbon 
black. The electric double-layer capacitor also has the characteristics that 
each characteristic curve of the electrostatic capacitance and the internal 
resistance is flat in the above range. These characteristics are observed 
significantly when the ratio of carbon black is in a range from 40 to 70% by 
weight. 
[0026] 

Fig. 4 shows the condition of a change in the energy density of the electric 
double-layer capacitor according to this embodiment when the mixing ratio 
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of graphite to carbon black in the electrode of the capacitor is varied. 
Specifically, the energy densities measured when the capacitor is charged 
and discharged at 0.1 W/F when the voltage of both terminals is between 1 
V and 2 V are shown. 
[0027] 

In Fig. 4, like Fig. 2 or 3, the abscissa is the ratio of carbon black in a 

mixture of graphite and carbon black. 

[0028] 

As is clear from Fig. 4, a high energy density (11.5 J/g or more) is obtained 
in the case where the mixing ratio of carbon black is 30 to 80% by weight. 
This is because, as shown in Figs. 2 and 3, the electrostatic capacitance of 
the electric double-layer capacitor is high and the internal resistance is low 
in the above range. 
[0029] 

In this embodiment, the energy density of the electric double-layer capacitor 
is 12 J/g or more, which is particularly high value, when the mixing ratio of 
carbon black is in a range from 40 to 70% by weight. 
[0030] 

It is found from the above results that the electric double -layer capacitor 
according to this embodiment is reduced in the resistance of the electrode, a 
high electrostatic capacitance is maintained and the energy density is 
improved. 
[0031] 

[EFFECT OF THE INVENTION] 

As described above, the present invention uses graphite and carbon black by 
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blending them in a predetermined ratio as a conductivity-improving 
material, which ensures that the resistance of the electrode is reduced more 
greatly and the electrostatic capacitance of the electrode is kept higher than 
in the case of using these graphite and carbon black separately as the 
conductivity-improving material. As a result, the energy density of the 
electric double-layer capacitor can be improved. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A partial sectional view of an embodiment of an electric double-layer 
capacitor electrode according to the present invention. 

[Fig. 2] A view showing the relation between the electrostatic capacitance of 
an electric double layer capacitor using an electrode according to the present 
invention and the mixing ratio of graphite to carbon black used in the 
electrode. 

[Fig. 3] A view showing the relation between the internal resistance of an 
electric double-layer capacitor using an electrode according to the present 
invention and the mixing ratio of graphite to carbon black used in the 
electrode. 

[Fig. 4] A view showing the relation between the energy density of an 
electric double layer capacitor using an electrode according to the present 
invention and the mixing ratio of graphite to carbon black used in the 
electrode. 

[Fig. 5] A sectional view of a conventional electric double-layer capacitor. 
[Fig. 6] A partial sectional view of an electric double-layer capacitor in the 
case of using graphite singly as a conductive-improving material. 
[EXPLANATION OF SYMBOLS] 
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10, 12: Current collector, 14, 16: Electrode, 18: Separator, 20: Activated 
carbon particles, 22: Graphite particles, 24' Carbon black particles. 



Fig. 2 

1. Capacity 

2. Ratio of carbon black 

Fig. 3 

3. Resistance 



Fig. 4 

4. Energy density 
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